alloys was examined by potentiodynamic polarization tests in pH 8.5 buffer solution. The amorphous alloy ribbons showed passivity with the passive current densities of 2 × 10 −6 A/cm 2 ∼4 × 10 −6 A/cm 2 . The crystalline alloys showed a higher corrosion rate in pH 8.5 buffer solution with the degree of variation depending on the alloy composition. It is suggested from the Mott-Schottky analysis that the donor density was lower for the amorphous alloy than the crystalline alloy.
Introduction
Amorphous alloys have excellent strength and elasticity and easily formed into desired shape [1] due to their peculiar microstructure. By using amorphous alloys, it is possible to produce mechanical parts that have lifetimes hundred times longer than conventional steels [2] . Superior mechanical properties and durability are ideal for high strength and lightweight applications, including for high quality sports goods and portable devices. Co-and Fe-based amorphous alloys are under interest because they exhibit soft magnetism and low magnetostriction and hence are suitable in electronic devices such as GMI biosensors [3] [4] [5] . Pd-B amorphous alloys have been proposed as promising materials for catalysts in drug manufacturing processes due to their high activity, selectivity, and stability [6] . It is also reported that amorphous Pd 33 Ni 60 P 7 alloy shows higher activity than crystalline Pd, Ni, and Pd-Ni for the electrocatalytic reduction of NO 3 − due to its amorphous structure [7] . As mentioned above, amorphous alloys will be innovative materials that play an important role in future industries like lightweight products, environmental management, biotechnology, health care, and so on.
Corrosion resistance is one of the most important factors determining the durability of industrial products. The corrosion or electrochemical properties of Pd-based alloys are particularly important because they are mainly supposed to be used as catalysts or in biomedical field. Amorphous alloys are generally known to be more resistant to corrosion than crystalline materials [2, 3, 8] . However, some studies on amorphous Fe 73.5 Si 13.5 B 9 Cu 1 Nb 3 [9] , Cu 43 Zr 43 Al 7 Be 7 [10] , and Pd 40 Ni 40 P 20 alloys [11] show improved corrosion resistance after heat treatment. The reason that makes the alloys more resistant to corrosion is proposed as structural relaxation and nanocrystallization [9] , reduced internal energy associated with the annihilation of excess free volume [10] , or noble phases evolved by crystallization [11] .
Despite the high interest in amorphous alloys, the corrosion properties of amorphous alloys have rarely been studied in depth. The research reports on the corrosion of amorphous alloys are confined to a few alloy systems and they have provided basic information on the corrosion rate at some specific environments, while corrosion behaviors of crystalline materials have been studied extensively and intensively for lots of metals and alloys. In addition, the corrosion and passivity of amorphous alloys are also considered to provide insight into corrosion mechanisms. This is because amorphous metals and alloys do not have inhomogeneity due to grain boundaries, which are indispensable for polycrystalline materials and which promote corrosion. A comparative study of the properties of passive films formed on amorphous and crystalline alloys is expected to provide some intimation of the effect of microstructure on corrosion resistance.
The corrosion resistance of passive alloys is determined by the passive film essentially. The protectiveness of the passive film is anticipated to be highly related to the type and concentration of the point defects such as oxygen vacancy or metal vacancy, because oxidation or dissolution of metal occurs by transport of ions through the passive film. However the mechanism by which the defect properties of passive film affect the corrosion resistance is still not so clearly defined, and more experimental evidence is needed [12] .
In this study, we aimed to investigate the electrochemical properties of amorphous Pd-Fe-Co-Si-B alloys in comparison with the crystalline alloys with the same compositions, focusing on the defect properties of the passive film. 
Experimental Procedures
Alloy ingots were prepared by arc-melting a mixture of pure Pd, Fe, Co, Si, and B metals in a purified argon atmosphere to give compositions of Pd 48.2 Fe 17 Co 16.7 Si 13.4 B 4.7 and Pd 51.4 Fe 18 Co 18 Si 11.1 B 1.5 with the nominal composition being expressed in atomic percent. The amorphous alloy ribbon was prepared using a single-roller melt-spinning technique in an argon atmosphere. Crystalline alloy was obtained by heating an amorphous alloy ribbon at 550 ∘ C for 5 min. The structure of the samples was confirmed by X-ray diffractometry. A Cu K radiation, Ni-filtered, at a voltage of 40 kV and a current of 30 mA was used. The pattern was measured over a 2 range of 10∼100
∘ at a scan rate of 8 ∘ /min. Corrosion properties of the amorphous and crystalline alloys were examined in deaerated buffer solutions at pH of 8.5 at an ambient temperature, using a traditional 3-electrode electrochemical cell. The sample with exposed area of about 0.3 cm 2 was used as working electrode. A saturated calomel electrode (SCE) and a Pt wire were used as reference and counter electrodes, respectively.
Mott-Schottky analysis was performed to compare the density of point defects in the passive films of the amorphous and the crystalline alloys. Passive films were formed at 0.5 V SCE for 2 or 24 h before measurement. And then capacitance was measured at 1000 Hz with the amplitude of 10 mV, scanning the potential from the film formation potential to −1 V SCE .
The electrochemical tests were performed two or three times to ensure reproducibility and the average values of corrosion potential, corrosion rate, and defect density are presented in the following section. (Figures 1(a) and 2(a)) do not show a peak for any crystalline phase, but that for the heat treated sample has the peaks for crystalline Pd 2 Si, Pd 3 Si, Fe 3 Si, and FeB phases as shown in Figures 1(b) and 2(b) [13] [14] [15] [16] .
Results and Discussion
The Figure 3 . The alloys generally showed passive behavior between the corrosion potential ( corr ) up to about 0.85 V SCE . The annealed alloys had a weak anodic peak in current density around 0.4 V SCE . On the other hand, the passive current density of the amorphous alloys increased gradually without a peak. An oxidation reaction associated with the crystalline phases may have resulted in a slight increase in the passive current density. Figure 4 (a). The [17] [18] [19] [20] . However the passive current density was rather increased for the crystalline alloy with borides and silicides in Figure 4 . It implies that the microstructure is much more influential than the precipitation of these phases for the alloys in this study.
We examined the semiconducting properties of passive films by Mott-Schottky analysis. Figure 5 shows the typical Mott-Schottky plots of amorphous and crystalline Pd-based alloys. Linear regions with positive slopes were recognized at potential of −0.3∼−0.1 V SCE . These plots have very similar features to the Mott-Schottky plots of the passive films formed on stainless steels as known from previous researches [21, 22] . This result is not astonishing considering the fact that the Mott-Schottky plots for the passive film formed on Alloy 690 in various corrosion environments also resemble the plot for the passive film of iron or stainless steel, although the alloy has only 10 wt.% of iron [23] . The positive slope of the Mott-Schottky plot indicates that the passive film exhibits n-type semiconductivity with high density of oxygen vacancy, while the negative slope means a p-type passive film with metal vacancy [24] . From the Mott-Schottky plots ( Figure 6 ) for the pure metals, the Pd and Fe are thought to form n-type passive films at potential ranges higher than −0.1 V SCE and −0.3 V SCE , respectively. However the passive film of Co shows p-type behavior below −0.5 V SCE and ntype behavior at high potentials ( Figure 6(c) ). Therefore, the Pd-based alloys studied in this work are regarded to have ntype semiconductivity predominated by Fe oxide, from the conducting type and the flat band potential. The donor density, which means the density of oxygen vacancy practically, for the passive films was determined from the Mott-Schottky plots, assuming the dielectric constant as 15.6 [25] . The dielectric constants of the passive film of Pdbased alloys are not known, actually. We note that a value of 15.6, generally accepted for the passive film of stainless steels, was used to analyze the dependence of the defect density on the microstructure. This is based on the fact that the capacitance behavior of the alloys in this study is very close to that of stainless steels. The donor density, , which represents the concentration of oxygen vacancy, is shown in Figure 7 . The value of was calculated to be 2.0 × 10 20 cm −3 ∼ 5.6 × 10 20 cm −3 . Crystallization by heat treatment seems to increase the defect density of the passive film, and the level of influence was not different from alloy to alloy. These results suggest a possibility that the defect density in the passive film Journal of Nanomaterials The alloys showed wide passive regions with the passive current density of about 1.7 × 10 −6 A/cm 2 ∼7.5 × 10 −6 A/cm 2 . The crystalline alloys were found to have a higher current density with the amorphous alloys with the same composition.
Mott-Schottky analysis suggests that the passive films formed on the Pd-based alloys in this study have n-type semiconductivity. The donor density, which represents the concentration of oxygen vacancy in the passive film, was measured to be 1.7 × 10 −6 A/cm 2 ∼3.5 × 10 −6 A/cm 2 and increased by heat treatment of the alloys. The lower corrosion resistance of crystalline alloys may be associated with higher defect density, although any direct relationship was not established.
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